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Reservoir "M1" (regulating water delivery to the West Side of EBID) could be
constructed by diking the inlet and east dike of the west side canal to an
elevation of nearly 3870 feet, and diking the outlet of the reservoir just south
of the rodeo grounds and just below the West Side Canal Inlet. The average
depth of the water in this reservoir could be expected to be roughly 12 feet.
The dikes along this reservoir would need to be 4 feet above the maximum
water surface elevation in the area shown on Figure 3.x. The reservoir could
be lined with an impermeable geotechnical lining to eliminate seepage.

Reservoir "LC1" (regulating water delivery to the Las Cruces Water
Treatment Plant) could be built by widening the main conveyance channel to
250 feet, and increasing the water depth to a maximum depth of 15.2 feet,
with the canal design depth being 10.2 feet. The dikes along this reservoir
would need to be 4 feet above the maximum water surface to provide the
necessary freeboard for a distance of nearly 7,700 feet upstream of the outlet
structure. This reservoir would stabilize flows in the canal and would be used
to provide storage of raw water for the water treatment plant at Las Cruces.
Its design would by-pass the majority of flow through the main canal, along
with most of the sediments and debris, and divert the raw water for the water
treatment plant through a side diversion. The reservoir could be lined with an
impermeable geotechnical lining to eliminate seepage.

Regulation storage downstream from these locations can probably be handled
by the regulating reservoir planned for construction along with the American
Canal Extension.

Several other regulating reservoirs could be recommended along the main
delivery canals for regulation purposes within the individual irrigation
districts. However, the location of these regulating reservoirs, their costs, and
feasibility will not be addressed in this report. These additional reservoirs
would improve the operating efficiency of the existing canals and conserve
water to supplement deliveries.

Other regulating storage reservoirs could be constructed along some of the
major drains in the Mesilla, Rincon, and El Paso Valleys. These drain
regulating reservoirs could be used to conserve water, manage water quality,
develop recreational parks, and enhance environmental mitigation. By using
regulating reservoirs to capture drain flow and surface runoff, the drain water
can be used to recharge the alluvial aquifer, irrigate (when water quality will
allow) agricultural crops, supplement (when blended) diversions, and/or
enhance environmental mitigation. At present, the State of New Mexico may
not recognize environmental enhancements as a beneficial use, but the
mitigative potential may be used to meet National Environmental Protection
Act compliance requirements. Environmental enhancements through the
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development of recreational parks, wetlands, riparian habitat, bridal trails,
bike and hiking paths, fisheries, and other potential improvements would
benefit the entire Rio Grande Project. These improvements would assist in
improving the standard of living in the area, as well as increase the economic
value of the surrounding areas as residential and municipal development
continues,

Another significant beneficial use of regulated drain flows is to manage water
quality in the Rio Grande River. Drain flow salinity tends to peak in the
winter months and reach a minimum during periods of high irrigation in the
summer. The winter peaks reflect the impacts of the alluvial aquifer flows
through areas of highly saline soils to the drains. By installing regulating
reservoirs, the peak salinity levels could be significantly lowered by blending
the higher quality summer flows from small storage reservoirs. The quality of
these flows would require periodic monitoring and review to maintain the salt
balance, and to optimize the operations of these reservoirs.

It would be beneficial to identify remotely the soils that contribute the highest
salinity, then zone these areas for industrial development. This would allow a
reasonable economic return to the present land owners, help protect high
quality agricultural lands from municipal development, and provide the
irrigation districts the option to reassign the water to other project lands for
industrial purposes. By isolating highly saline areas, and potentially installing
interceptor drains to reduce ground water inflow through the saline soils, the
drain water quality to the river could be significantly improved. Other
potential management improvements could include isolating the highly saline
drains (TDS>1000 mg/1) and using this water to sprinkle riparian areas while
diverting or piping higher quality drain water to the canals or the river for
other uses.

The placement of these regulating reservoirs would require careful
consideration of the drainage patterns, the quality of the drainage inflows to
the reservoirs, the quality of the outflow from the reservoirs, and the overall
tmpacts on the entire hydrologic system. The future development of these
ideas will require careful consideration to prevent salting out of agricultural
lands and to maintain the purpose of the drains. The drains must continue to
carry away the leached salts and prevent the soil from souring or becoming
anaerobic.

Return Flow Treatment

Opportunities for blending of return flows with canal water and for storing
return flows to optimize their use have been discussed in a previous section of
the report. These return flows would normally be higher in TDS than the main
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conveyance supply, as the water budget data indicate. For some uses, such as
aquatic and riparian wildlife habitat, industrial cooling water, etc., this may
not be a severe problem. For use as an agricultural water source, the return
flows could be blended or used as is, depending on the location and crop. As
long as irrigated agriculture remains the predominant RGP water use,
especially when considering return flows in areas below Leasburg and in dry
years, drain flow salinity may be too high for some M&I uses. The return
flows may also contain traces of pesticides, nitrogen compounds, higher levels
of total organic carbon (TOC) than the canal water, tastes and odors from
algae, turbidity or color and many other possible contaminants. For many
uses, especially potable water, treatment would be necessary.

The type of treatment required would depend on the time of year and location,
but is likely to be more expensive than the processes already discussed for
treatment of canal water. Additional unit processes such as adsorption of
organics on activated carbon and more storage for raw water pre-
sedimentation may be required. In order to meet SDWA requirements for
municipal water supply, desalination would probably be necessary. Both
reverse osmosis (RO) and electrodialysis reversal (EDR) could be used. The
most practical and economical choice would depend on the water quality at the
time and location. A combination of advanced conventional water treatment,
followed by RO membrane treatment, may be the most feasible scheme for
potable water production. As with any desalination planned in the vicinity,
handling of the reject brine waste from the membrane process, as well as the
conventional chemical treatment waste sludge, must be considered.

It is important to realize that the irrigation waste and drain flows will change
in quality and decline in volume along with reductions in the quantity of RGP
water used in agriculture. However, as M&I water use increases the volume of
treated wastewater flowing into the river will also increase. This treated
wastewater may be reused in place, but will eventually be released to the Rio
Grande and become agricultural return flow or ground water. Extensive reuse
of wastewater effluent for irrigation should maintain some return flows in the
system.

It is unlikely that desalination of return flows will be a large scale use in the
near future. It is quite possible, however, that treatment can be used to
produce potable water and fill other high quality water supply needs in local
areas. This might prove practical under certain conditions such as:

O remoteness from a regional water treatment plant

O small demands at, for example, a state park at an area of enhanced
wildlife habitat
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0O complete allocation of the canal water supply

O specialized use for boiler feed or other high purity water needs at an
industrial facility which might use untreated return flows for its other
nonpotable requirements

The Commission should keep an open mind about specific uses for treated
return flow, although it does not appear to be a practical large scale regional
waler source.

In order to evaluate the practicality of treatment at a particular location, the
value of untreated return flow at that location must be added to the canal
supply costs and compared to the return flow treatment cost before a valid
decision on the best water source choice can be made.

As demonstrated by the results of the water budget, the TDS concentration at
American Dam will average approximately 1000 mg/1 for Alternatives 2 and
3. For Alternative | the TDS at American Dam is 2000 mg/] due to the lower
availability of dilution flows. TDS in the Montoya and East Side Drains
would, of course, be higher. If drain sources in this area are tobe used as a
potable supply, desalination would obviously be necessary. If the Rio Grande
is conveyed to the drains through the water blending system, TDS may drop
dramatically for short periods during the thunder storm season, making for
variable TDS in the treatment feed water.

Aquifer Storage and Recovery

Aquifer Storage and Recovery is the storage of surface water in a ground
water aquifer for later retricval. Aquifer storage offers significant possibilities
for augmenting supplies and reducing surface water treatment plant capacities.
Treated surface water is already being used for part of the municipal supply in
El Paso during the irrigation season, because of the ongoing depletion of
ground water in the Hueco Basin. However, ground water has been, and
continues to be the primary source of M&I water for El Paso and other
communities in the Commission planning region. With a ground water
production system in place, aquifer storage of surface water may greatly
reduce necessary peak water treatment plant capacities. Aquifer storage also
provides a means to insure long term stability of water quantities in the
aquifers. If a net surplus of water is used, which would not be difficult once a
recharge program is implemented, the depleted aquifer could eventually be
restored to near the original capacity.

Conveyance to provide year-round water offers the opportunity to consume
less groundwater for M&I uses by providing surface water at average
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consumption rates, less other sources of supply or recharge. This will result in
availability of excess surface water in the winter and would allow storing of
surface water in the aquifers. Water can then be withdrawn to meet peak
summer demands without resulting in net depletion of the ground water

supply.

The two ground water aquifers in the area, the Hueco Basin and the Mesilla
Basin, will be studied for their suitability for aquifer storage and recovery in
an upcoming, follow-on study to the phase II/III work. The Hueco Basin
currently has suffered the largest depletion with resulting intrusion of brackish
water at the margins and large draw downs requiring deeper pumping
equipment submergence. As the El Paso and Juarez areas continue to grow,
production from the Hueco Basin will become impractical unless a rapid
switch to surface water avoids further overpumping. Although the overall
capacity of the Mesilla Basin is greater, its capacity is also finite, especially
when considering the capacity available to El Paso and Juarez without
importing ground water from New Mexico. By the end of the study period in
2035, water banking in both the Hueco Basin and the Mesilla Basin, which
will probably prove to be feasible, would greatly reduce required surface
water treatment capacity and help preserve both of the aquifers.

M&I water usage in southern New Mexico and El Paso County area varies
during the year with low use in the winter increasing to the highest usage
during late June or early July. Winter use can be as low as 40 percent of the
average increasing to as high as two times the average during the summer.
Although summer peak use spans only two or three months, supply facilities
need to be large enough to meet this peak demand. Consequently, water
treatment plants have unused capacity during the winter months, when demand
is low, if they are designed to meet the high summer peak.

Currently, water treatment plants operate only during the irrigation season,
when surface water of acceptable quality is available. With the introduction of
conveyance facilities, surface water of higher quality will be available year
round. During winter months when water usage is less than the yearly

average, extra treatment capacity and water supply would be available.
Aquifer storage takes advantage of this situation to provide optimum year
round surface water use. During the winter months, when water use is low, the
excess of surface water production over demand could be pumped from the
treatment plants, through the distribution system and into the underground
aquifer. During the summer high water usage months, the stored water would
be pumped by the existing ground water production system to meet the peak in
usage, allowing the surface water treatment plants to treat at a more or less
constant rate year round. Some excess surface water capacity above net
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average demand would still be necessary to allow down time for service of
process and pumping equipment in the treatment plants.

Two methods can be used to introduce water into an aquifer. One method is to
use injection wells, either specially constructed injection wells or existing
production wells operated in reverse. Another method is by spreading water
into an infiltration basin at the surface. Use of injection wells requires that the
surface water be treated to drinking water standards prior to introduction into
the aquifer. It also requires attention to corrosion control and the chemical
compatibility of the injected water with that already present in the aquifer. The
water is injected at points where it can be retrieved by ground water wells
during periods of peak use. Because of possible contamination by peripheral
or overlying brackish water, the potential for injected ground water to migrate
laterally to a location where it may be unavailable for production and the
possibility of other users of ground water producing water injected by
Commission entity, the location at which the water is injected, both above and
below ground, is very important for the practicality of future retrieval. The
best locations may be in areas where the water quality remains suitable but
where there is a cone of depression due to over pumping. The cone of
depression can be partially refilled and will hold the water near the point of
injection. The use of injection wells allows control of the water quality and
relatively precise location of recharge. However, surface water treatment and
possible additional corrosion control treatment may be necessary.

The second method, spreading in an infiltration basin, may allow use of
untreated or partially treated surface water. Depending on the quality of the
raw water, pre-sedimentation may still be necessary. The spreading is
conducted in an area which allows transport of the water by percolation
through the ground down to the aquifer. Selected spreading locations are used
and dikes may be necessary to hold the water over the infiltration bed. The soil
acts as a filter to remove sediment and organic contaminants before they reach
the aquifer.

Surface spreading provides an economical way to recharge an aquifer;
however, some potential problems can result. The feasibility of surface
spreading is highly dependent on the permeability and chemical characteristics
of the underlying sediments. Build up of total dissolved solids and/or specific
cations or anions of concern can occur. An area of fairly high permeability
(large uncemented sediment particles above and within the zone of saturation)
must be used to allow practical rates of infiltration. Subsurface layers of
caliche or clay may retard infiltration or produce perching at depths above the
ground water table. Some lateral movement may also occur prior to reaching
the primary production aquifer.
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In general, coarse sediments and shallow depths to groundwater make surface
spreading more practical. Surface spreading requires a good knowledge of the
geology above the ground water table and would probably require pilot studies
prior to investments in a large scale operation. During the time the water is at
the surface it is subject to evaporation which can consume a significant
portion of the applied volume and concentrate the total dissolved solids. The
evaporation problem increases if infiltration rates are slow.

Either method of aquifer storage would hold water for retrieval at a [ater time
and provide a means of recharging the depleting aquifers. Aquifer storage
would also provide long term storage for retrieval during drought periods, as
discussed later in this report.

To determine the feasibility of underground storage and the most effective
recharge method, further study is necessary. Additional study should identify
potential sites based on surface and subsurface attributes, evaluate the
feasibility of the two recharge methods at that location and predict the water
quality effects that might result. Determination of the overall feasibility of
aquifer storage should be based on cost comparisons, retrievable storage
capacity and sustainable recharge rates. Information from the water budget
developed for this report will be used in the upcoming aquifer storage study.

The planned follow-on study will evaluate aquifer storage and recovery at four
sites:

In the Las Cruces area
West of La Union in Southern Dona Ana County
In the Canutillo Wellfield area north of El Paso

O 0 O Q

In the Northeast Hueco Basin area of El Paso

Both spreading and injection will be considered. The results of this study
should provide the Commission with insight into the feasibility of aquifer
storage and recovery as part of overall regional conjunctive use. Aquifer
storage offers tremendous potential to protect and restore depleted aquifers,
while optimizing water use efficiency.

Drought Contingency

Although surface water originating from the storage facilities on the Rio
Grande may be considered a permanent source of supply, in the particular
case of the Rio Grande Project, the actual amount available each year varies
according to operating policies based on the amounts in storage in Elephant
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Butte and Caballo Reservoirs, and on climatic occurrences and forecasts.
Annual allotments of water available to the Rio Grande Project lands are thus
variable, and water supply for M&I uses based on acquisition of water from
these lands would be subject to similar variations.

The reliability of the Rio Grande Project as a source of water supply has been
studied through use of return-frequency analysis on annual net supplies to the
EPCWID#1 (Reference 1). From this approach, it has been determined that
the probability of the annual net supply in any given year being equal to or
greater than the long-term average annual net supply is 56 percent.

During extended periods of drought, Rio Grande Project allotments are
decreased in accordance to the severity of the drought. Historically,
allotments have fallen as low as 0.5 af per acre from a normal of 3 af per acre.
‘When only reduced amounts of Rio Grande Project water are available,
farmers may opt to reduce their farmed acreage to an amount compatible with
the water supply; they may pump ground water and thus limit the reduction in
their farmed acreage; or, if feasible, they may forego farming during the
drought period. Operators of treated water supply facilities for M&I uses do
not have this flexibility to adjust their demand to available supply.

For the City of El Paso, EPWU is committed to supply the normal demand,
decreased only by possible emergency conservation measures. One possible
arrangement that would help to satisfy the expectations for water supply of
both the farmers and EPWU could be for both parties to enter into Jong-term
drought contingency agreements. Such agreements could provide that in years
when the initial water allotments are below a certain set amount, farmers
would commit to lease their water allotment for that year to EPWU for M&I
water supply, and in return, EPWU would pay farmers a certain pre-specified
fee per acre foot of water ceded to EPWU. In this process, farmers would be
guaranteed an income, even if limited, and EPWU would help alleviate a
shortage in their water supply operations during drought periods. When
Mexico, Las Cruces and Dona Ana County become users of treated surface
water, they may wish to make similar arrangements with EPCWID#1 and
EBID farmers to address dry years.

Another solution for dry years is conjunctive use of ground water. Ground
water can be pumped to supplement available surface water in dry years, in
similar fashion to its planned use to meet peak summertime demands for M&I
water, If large amounts of water are available in storage, or in areas where
demand is relatively low and natural recharge is able to replenish the periodic
withdrawals, this practice can continue more or less indefinitely. In high
demand areas like El Paso and Juarez, aquifer storage and recovery would be
a necessary part of using groundwater as a source for drought contingency.
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With a good program of aquifer storage, the aquifers can be used as a drought
contingency bank, and perpetually protected from depletion. Use of
groundwater as a drought contingency supply mandates that a system of
groundwater production wells and collector lines be maintained. It also
requires a system and plan for aquifer recharge in those areas where
significant draw downs have occurred or will occur from future demands.

Environmental Considerations

The Legal Advisory Committee of the New Mexico-Texas Water Commission
has considered environmental issues. The Legal Advisory Committee and
Management Advisory Committee also conducted a presentation to interested
government agencies on April 28, 1994, Follow up discussions were held with
specific members of state and federal agencices, interested citizens and
environmental groups. From these initial discussions and from the previous
experience of the Commission members and the legal and engineering
consultants, some expectations as to the environmental issues which will result
from consideration of a large scale surface water conveyance, and an initial
plan for addressing them have been developed.

The first reaction to diversion of all or a major portion of the reservoir
releases from the river to a lined canal is likely to be negative. It will be
assumed that such a diversion will have negative impact on aquatic life and on
the viability and aesthetic appeal of the Rio Grande and associated wildlife
and recreational uses. An environmental assessment will be necessary,
particularly if any federal funds are to be used on the project, and an
environmental impact statement may be required.

Prior to any environmental assessment work, the Commission should use the
information provided in this Phase II/III report to decide on a common set of
objectives. One major common objective which is already identified is the need
to preserve and restore the Hueco and Mesilla ground water aquifers. In order
to establish this and other common objectives, the parties who are to make use
of the conveyance must be defined. These parties can then develop a set of
common objectives for conveyance and use of the renewable surface water
supply. Once a common set of objectives is determined, two or three
variations on the appropriate means to satisfy the objectives
(conveyance/treatment alternatives) can be identified. The relative feasibility
of these alternatives will then be evaluated from both an environmental and
economic viewpoint and compared to the “no action” alternative. A lead
federal agency, the agency that will be in charge if an environmental impact
statement is necessary, should be identified. Environmental assessment work
should start by compiling existing data and proceed to new field studies if
necessary.
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1 The environmental assessment will involve extensive public involvement. It
2 will be the first time many local citizens, environmental groups and other

3 public and private organizations become aware of the project. It is important
4 that they be made aware of the following facts.

5 O The existing river below Caballo Reservoir is basically an irrigation
6 canal and floodway. The natural riparian vegetation has been cleared
7 and the non irrigation season flow is made up of irrigation and

8 wastewater return flows and occasional storm water runoff.

9 O Year round delivery of surface water of high quality and adequate
— 10 quantity will allow major municipalities in the area, including Las
11 Cruces, El Paso, and Juarez, to discontinue overdraft of the Mesilla
12 and Hueco Basins, thus preserving the important regional ground
— 13 water aquifers.
14 O Water banking of the year round surface water supply will allow
—15 summer peak municipal water demands to be met while preserving
16 and restoring the ground water aquifers.
17 0O Well thought out use of return flows and storm water runoff may
18 actually enhance the aquatic and riparian habitat and recreational
19 value of the Rio Grande Project system to a level above the “no action
20 alternative.”
21 O Moving from use of depletable ground water to a sustainable surface
22 water supply is necessary to supply even the present population in the
—23 area and will allow improvement of environmental conditions and the
24 quality of life of many of the area’s residents.
25 O Minimum stream flows can be maintained, marshes and wildlife
26 management areas can be developed with managed use of return
27 flows, and any environmental losses can be more than mitigated by a
-28 well thought out project.
29 The Commission should adopt a pro-active and cooperative approach in
30 explaining the project and design it to accommodate the public interest. The
31 project can be used to restore aquifers, enhance the local environment and
32 provide a dependable and permanent water supply. Interested parties must be
33 made to understand that the project is a plus, not a minus, to all of the
T34 interests of the region.
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Summary of Study Results

1 This section summarizes the results determined from analysis of the
— 2 alternative objectives. It is included to assist the members of the Commission
3 in selecting an appropriate conveyance system. Issues such as regional socio-
4 economic impacts, specific environmental impacts, and legal-institutional
— 5 constraints are not addressed in the study.
6 The evaluation parameters are those dealing with water resource management
1 from an engineering perspective, including:
8 O Advantage/disadvantage of alternatives.
-9 O Unit conveyance and treatment cost determination including estimates
10 of construction cost and operations/maintenance costs.
1 O System impacts on the Rincon and Mesilla Valleys as indicated by the
12 water budget analysis.
13 3 Surface water “losses” comparison.
14 O Future effects on the Mesilla and Hueco Basins.
—15 The following Figure 46 illustrates the agency service objective of each of the
16 alternatives for referral during evaluations by the Commission. It should be
17 noted that the consultants (Boyle, E-S) have not included an evaluation or a
18 recommendation for a preferred alternative.
19 An initial objective perception regarding environmental issues to be addressed
20 is that the major favorable impact of the project is stabilization of the two (2)
21 major aquifers. Any of these three alternatives can adequately address the
22 aquatic and riparian environmental impacts, particularly if public and
23 professional participation is included in the next phase of project development.
24 Certain advantages and disadvantages are exclusive to a particular Alternative
25 Objective. An understanding of the specific advantages and disadvantages of
—26 each alternative will help in evaluating the best alternative to meet the
27 evaluation parameters listed earlier. A compendium of advantages and
28 disadvantages follows.
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Alternative Objective No. 1

Advantages of Alternative 1:

1.

The water quality delivered at El Paso would be the same as that
existing in Caballo Reservoir. The quality would be maintained and
protected from contamination and degradation by prohibiting
intermediate inflows of drain, return, and storm waters.

The availability of water would be year-round, and flow requirements
would be more controllable to meet demands.

Water conveyance losses due to seepage and evaporation would be
significantly reduced. The transportation time would be reduced from
three days to less than one day.

Disadvantages of Alternative 1:

1.

The upstream entities would not have available to them the downstream
allocation flow for purposes of using it for "carrier" water.

The downstream entities would receive their full allocation at a point
above significant storm water, drain, waste, and return inflows, which
are considered to be Project water.

Not all of the regional entities would directly benefit from the project.
To provide equitable benefits to all regional entities, construction of a
companion project would be required.

Alternative Objective No. 2

Advantages of Alternative 2:

1.

All water agencies and water users of the region will benefit from
system-wide improvements to the water conveyance system.

Regulatory control of system-wide operations of the Rio Grande Project
will be centralized. That is, the physical allocation of flows will be in
parallel rather than in series.

All beneficiary agencies will receive water of similar quality, with the
option to blend agricultural diversions with "reuse” water from the Rio
Grande.
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The project construction cost per unit volume of water delivered is the
lowest of the alternatives considered (see Cost subsection below).

Local agencies can be more responsive to the future shifts of the water
needs of the region than can state or federal officials.

Disadvantages of Alternative 2:

1.

Implementation of system-wide conveyance improvements with the
attendant inclusion of all water agencies in the region requires a more
general consensus on equitable water resource allocation than has
occurred historically.

Implementation of Alternative Objective 2 may require statutory changes
in the states of Texas and New Mexico to provide the necessary
authority for the regional water commission to operate the improved
system and to manage the water resource.

Alternative Objective No. 3

Advantages of Alternative 3:

1.

2.
3.

Provides EPWU water for treatment and distribution that is not
degraded in quality by prior use within the Rio Grande Project.

Provides security against contamination during conveyance.

Provides a high degree of flow control.

Disadvantages of Alternative 3:

1.

This alternative does not provide region-wide surface water resource
improvements.

The project construction cost per unit volume of water delivered is the
highest of the alternatives considered.
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Costs

Capital costs and the costs of conveyance per unit volume of water are
parameters which will certainly be of assistance in the evaluation of the
different alternatives. These costs were discussed previously, and several
tables were presented showing their detailed calculation. A summary of these
costs is shown in Table 21:

Table 21

Capital and Conveyance Costs

Alternative Capital Cost Conveyance Cost per
No./Period of acre-foot
Operation
1 $332,020,000
2005 to 2014 $67.37
2015 to 2034 $67.01
2035 to 2054 $62.78
2 $376,542,000
2005 to 2054 $37.39
2a $540,937,000
2005 to 2054 $53.78
3 $398,339,000
2005 to 2014 $130.24
2015 to 2034 : $102.82
2035 to 2054 $90.68

As noted previously, although not the lowest in capital cost, Alternative 2
yields the lowest cost per unit volume of water conveyed.

On the basis of water treatment plant capital costs and treatment capacities
discussed earlier for water treatment plants in Las Cruces and Anthony,
capital costs per unit volume of treated water were determined. The costs
found are shown in Table 22.

130



B0~ O\ Lh W [

i
]
S ©

11
12
—13

14
15
16
17
18
19
20
21

22

Table 22

Water Treatment Plant Cost

Plant/Facility Capital Cost Unit Cost per
Acre Foot

Las Cruces

2015 Facilities $130,100,000 $295

2035 Upgrade $268,400,000% $282

Anthony

2015 Facilities $310,100,000 $167

2035 Upgrade $373,900,000% $250

*The 2035 upgrades reflect costs based on a 2015 investment with inflation of
3%.

Water Budget Analysis

Estimated impacts to the Rio Grande hydrologic system from just downstream
of Caballo Dam to upstream of American Dam resulting from the three
proposed alternatives were developed from water budget analyses. Associated
with quantitative impacts are impacts to water quality resulting from the
alternatives. These impacts were estimated using mass budgets for TDS. The
water and mass budgets were constructed in two reaches. Reach 1 represents
the Rincon Valley and Reach 2 represents the Mesilla Valley upstream of
American Dam. Impacts are assessed by comparing the water and mass
budget for each of the alternatives at 2015 demand levels against the Baseline
representing existing conditions.

Analysis of the system behavior was performed for “Normal,” “Average,” and
“Dry” water supply conditions. The results from these analyses were
combined to develop a “Composite” scenario. Results for only the composite
scenario are presented. Key terms from the water budget analyses for the
Bascline, Alternative 1, Alternative 2, and Alternative 3 by reach are
presented in Table 23. Also shown for each term are the differences between
each alternative and the Baseline. A similar table, Table 24, presents the
results of the mass budget analyses and the difference between each alternative
and the Baseline.

131



—_ O D R NNV B W N e

[y

]
[FSIN 8]

— 14

—
W

16

Shown in the last row of Table 23 is the estimated deficit in full supply for
2015 demands from surface water sources for each alternative. The deficit
was divided between the New Mexico and Texas water users on a 58 percent,
42 percent basis. Upstream of American Dam, the analyses assumed that the
deficit would be made up by ground water pumping. Downstream of
American Dam, the deficit could also be made up by ground water pumping.
Both upstream and downstream of American Dam, depending on the
alternative, additional supply could be developed through capturing and
blending return flows in the river. Reduction in demand through, for example ,
retirement of agricultural land would also be a means of reducing the deficit in
surface water supply.

A further distillation of the results for the Baseline and each Alternative is
provided in Table 25. This table specifically focuses on the flow in the river
and the water quality, expressed as a concentration, at key locations in the
system. As shown by these results, each alternative has significantly different
impacts on the Rio Grande both from a quantity and quality stand point.
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Table 23

Water Budget Summary
BASELINE ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3
Compasite Water Supply Scenario Estimated | Estimated Estimated Estimated
PARAMETER Amount Amount Amount Amount
(1000 af) (1000 af) (1000 af) {1000 af)
each 1 (Rincon Valley)
Ground water boundary flux in 30 3.0 3.0 3.0
Ground water boundary flux out 03 0.3 0.3 03
M&I ground water pumping 0.9 0.9 0.9 0.9
Agricultural ground water pumping 189 239 30.1 20.9
Deep percolation 14.6 14.6 14.6 146
Ground water flow to drains 84 84 84 84
Canal/lateral seepage 393 393 258 393
Net river seepage (into alluvial aquifer) 252 =252 -25.2 252
Change in ground water storage 21 -2.9 -35.6 0.2
River inflow 6439 643.9 643.9 643.9
River outflow 6122 286.0 119 3518
Main supply canal/pipeline inflow 0.0 331.2 686.3 2624
Main supply canal/pipeline outflow 0.0 330.5 625.1 2624
River flow to M&I 0.0 0.0 0.0 0.0
Main supply canal/pipeline flow to M&! 0.0 0.0 0.0 0.0
River flow to agriculture 86.0 80.9 0.0 84.0
Main supply canal/pipeline flow to agriculture 0.0 ¢.0 61.1 0.0
teach 2 (Mesilla Valley)
Ground water boundary flux in 03 03 03 03
Ground water boundary flux out 0.1 0.1 0.1 0.1
M&I ground water pumping 46.2 6.5 11.0 4.5
Agr. ground water pumping from alluvial aquifer 61.9 771 97.6 68.0
Agr. ground water pumping from Mesilla Bolson 41.3 514 62.6 453
Deep percolation 67.2 67.2 67.2 672
Ground water flow to drains 85.0 85.0 85.0 85.0
Canal/lateral seepage 163.8 163.8 143.8 163.8
Net river seepage (into alluvial aquifer) 59.3 59.3 59.3 59.3
Change in ground water storage 0.0 0.0 0.0 0.0
Net leakance to Mesilla Bolson 143.7 128.5 88.0 137.6
River inflow 6122 286.0 11.9 351.8
River outflow 3589 58.0 135.7 108.6
Main supply canal/pipeline inflow 0.0 3305 625.1 2624
— Main supply canal/pipeline outflow 0.0 229.8 2323 160.7
River flow to M&I .0 0.0 0.0 0.0
Main supply canal/pipeline flow to M&I 0.0 39.7 352 41.7
River flow to agriculture 377.1 3518 0.0 367.0
™ Main supply canal/pipeline flow to agriculture 0.0 0.0 297.6 0.0
Deficit in full supply from surface water supply 0.0 58.2 1354 233
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Table 24

Mass Budget Summary
BASELINE ALTERNAT 1 ALTERNATIVE2 ALTERNATIVE 3
Composite Water Supply Scenario Estimated { Estimated | Estimated | 'C Estimated '
PARAMETER Amount Amount Amount Amount
(1000 tons) | (1000 tons) {1000 tons) {1000 tons)
Reach 1 (Rincon Valley)
River inflow 478.6 493.3 498.5 500.5
Canal waste return 82 8.2 82 82
M&I return flow 04 04 0.4 04
Drain flow to river 255 255 255 25.5
Tributary inflow 11.1 11.1 11.1 11.1
River flow to M&I 0.0 0.0 0.0 0.0
River flow to agriculture 65.1 60.2 0.0 63.1
Main supply canal/pipeline inflow 0.0 2728 5349 2285
Net river seepage (into alluvial aquifer) -23.8 -238 -23.8 -23.8
River outflow 482.5 2293 319 277.8
Reach 2 (Mesilla Valley)
River inflow 4825 2293 31.9 277.8
Canal waste retum 239 254 228 28.0
M&I return flow 259 259 259 259
Drain flow to river 204.5 2145 259 261.9
Tributary inflow 212 272 272 272
River flow to M&I 0.0 0.0 0.0 0.0
River flow to agriculture 299.9 2927 0.0 3494
Net river seepage (into alluvial aquifer) 55.8 66.1 125.1 78.8
River outflow 408.2 163.4 1720 149.0
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Table 25

River Flow and Quality at Key Locations for Composite Water Supply Scenario

Location River Flow (1000 af) TDS (mg/l)

Baseline Alt1 Alt2 Alt3 Baseline Altl Alt2 Alt3
Downstream 6439 6439 6439 6439 500 6001) 6001) 600D
of Caballo
Leasburg 6122 2860 119 3518 600 600 2000 600
Upstream of 3589 580 1357 108.6 800 2000 1000 1000
American

1) Revised release pattern from Caballo Reservoir simulated in alternative
analyses resulted in increase in estimated TDS concentration below Caballo.

Surface Water Loss Evaluation

The single surface water impact analysis is presented as Table 26. These
results tabulate the losses to the usable surface water due to seepage and
evaporation, The seepage loss element of surface water losses is not
necessarily a system loss, but is presented for evaluation as surface water that
will be unavailable for application to irrigation or M&I uses.

The analysis in Table 26 is presented for the purpose of illustrating the
comparative values of “loss” for the baseline (no action) and the three
alternatives. As applied here, the term “loss™ means surface water that is
unavailable for surface water applications. The actual loss is that water which
evaporates since the seepage quantities become ground water.

Summary of Aquifer Effects

The water budget analysis shows the effect of the baseline and three
alternative objectives operating scenarios on the surface water and shallow
ground water in the Mesilla Valley. This information is key to the
determination of the system-wide effects of the alternatives on the three
resource elements of the project: the Mesilla Basin, the Hueco Basin, and the
Rio Grande. By extrapolation, the impacts of stream flow in the river and
canals, and the long-term gain/loss storage in the aquifers can be determined.
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Table 26
Surface Water Loss Analysis
for Average Year
All values in acre-feet x 1000 per year

Water Budget Reach Rio Grande  Canal Rio Grande Canal Total Loss
Scenario Seepage  Seepage Evap.-Precip. Evaporation Seep./Evap.
Baseline One -32.6 412 4.1 0.3 13.0
Two 71.4 161.2 5.6 11.8 250.0
Total 38.8 202.4 8.7 121 263.0
Alternative 1 One -32.6 41.2 4.1 0.3 13.0
Two 71.4 161.2 5.6 11.8 250.0
Total 38.8 202.4 9.7 12.1 263.0
Alternative 2 One -32.6 27.0 41 0.3 -12
Two 71.4 141.5 5.6 11.8 230.3
Total 388 168.5 9.7 12.1 229.1
Alternative 3 One -32.6 41.2 4.1 0.3 13.0
Two 71.4 161.2 5.6 11.8 250.0
Total 388 202.4 9.7 12.1 263.0
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The two aquifer analyses are presented as summary diagrams (Figures 47 and
Figure 48) to illustrate the effects on the supply resources. The results for

each aquifer are presented as a plot of a spreadsheet analysis of the annual
gain/loss of storage in that aquifer resulting from “no action” (baseline) and
the three alternatives.

The Mesilla Basin

This aquifer is located within the Rio Grande Rift in the reach of the river
starting immediately below Caballo Dam. It extends down the river valley to
“the pass™ at El Paso near the American Dam where the boundaries of New
Mexico, Texas, and Chihuahua meet. This aquifer is stream-related inasmuch
as flows of surface water in the river channel freely recharge the aquifer and
vice-versa, depending on hydraulic gradients. If ground water is withdrawn
from the aquifer, causing a surface differential with the river, water will tend
to recharge the aquifer. Conversely, if the surface of the aquifer rises above
the stream bed of the river, ground water will tend to flow to the surface of the
river bed.

Figure 47 shows a plot of net losses in the aquifer storage of the Mesilla Basin
vs. time for each alternative and the baseline (no action). The assumptions in
making these projections are:

1. The present state of the aquifer is stable. That is, all withdrawals are
in balance with the recharge rate, and withdrawals in excess of
mountain front recharge are replenished by seepage from the stream
beds of the river and canals.

2. The mountain front recharge is presented as a constant representing
the estimated average recharge due to watershed precipitation.

3. All M&I well pumpage of ground water is from the Mesilla.

4, Forty percent of all agricultural well pumpage is from the Mesilla, 60
percent is from shallow aquifers.

5. The water required to maintain and protect the aquifer will naturally
flow from seepage sources of surface water if available.

137



Net Gain & Loss (KAF/YR)

Mesilla Basin
Loss Rate vs. Time

2400 b . e y

B0 [

e

Beigye,

Mg,
-

iy,
Dby
?‘b't"ﬂz‘u‘,
FE e

Alternative 2 e

2005

2010

2015 2020 2025
Year

2030 2035

Figure 47



O W 1IN WBL B W —

b Pt
—_—0

kA
Vv & W N

i
e ot
~2 (=

O =
<O O o

(S 2 o™
[\ ]

—23

24
-~25
26
27
~28
29

30
31
32
33

34
35
36
37

The Hueco Basin

The Hueco Basin is markedly different from the Mesilla. It is a closed basin
on three sides, and it crosses below the flood plain of the Rio Grande,
terminating in the Republic of Mexico on the fourth (southern) side. The bulk
of the basin lies east of the Hueco Tanks outcropping. The northern end is in
Dona Ana County, New Mexico. At present, approximately 60 percent of the
municipal water supply of the City of El Paso is extracted by wells from this
aquifer. This aquifer is in serious jeopardy of total depletion if actions are not
taken to stop and reverse present trends.

The extrapolations of the results of the water budget analysis are applied by
assuming the surface water availability to EPWU/PSB identified in the
alternatives will be applied against the base demand requirements of the
utility, and the existing well fields will be utilized to provide the peak
requirements during the summer months when water demands exceed the base
capacity of the water treatment plants. This strategy will reduce the aquifer
withdrawal by more than two-thirds.

The assumptions of this analysis are:

1. The natural mountain front recharge is represented as a constant
representing the average annual recharge due to precipitation on the
watershed.

2. The recharge attributable to the injection of tertiary treated waste
water from the Fred Hervey Water Reclamation plant will continue at
the present capacity.

3. The out-flux of the aquifer is assumed to be the projected well
pumpage by Ciudad Juarez for its municipal water supply. The
baseline Juarez water demand from the aquifer is modified for the
alternative analyses by a reduction equivalent to applying the full
1906 Convention allotment for Mexico (60,000 affyr) to municipal

purposes.

The plot shown on Figure 48 represents the Hueco Basin storage impacts. To
be noted is that even with the most rigorous application of surface water to
municipal purposes by the City of El Paso (EPWU), full stability of reservoir
storage is not achieved.

The extraction of ground water from the Hueco Basin by Juarez is not within
the jurisdiction of the United States entities. This fact would indicate that
continued cooperative ground water conservation planning efforts with the
Republic of Mexico should be pursued.
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Restoration or stabilization of the Hueco Basin will be dependent on induced
recharge by means of spreading or well injection of surface water. The
quantity, or rate of recharge required to attain stability is indicated in Figure
48 as the difference between the selected alternative and zero loss.

Water banking and aquifer storage are addressed under the Additional
Considerations section of this report.
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